This study evaluated variation in blood pressure (BP) in hypertensive subacute stroke patients performing eight different types of active movement, and variations in BP over time. METHODS: The study included 35 subacute stroke patients (60 -74 years old) and 15 age-matched healthy volunteers. Ambulatory systolic and diastolic BP was measured over 4 consecutive days, before and during active movement. RESULTS: The greatest effect of the different active movements in stroke patients was on mean systolic BP variability (BPV). There was a significant difference in systolic and diastolic BPV between stroke patients at different time-points and compared with healthy volunteers. Systolic BPV during shifting from the ward to the rehabilitation centre was significantly higher than for all other active movements. Mean systolic BPVs during the sessions on the first and second days were significantly higher than for the sessions on the third and fourth days in stroke patients and compared with healthy volunteers. CONCLUSIONS: Systolic BP was found to be increased in hypertensive subacute stroke patients during their first and/or second attempts at performing active movements. Therapists should consider the BP of hypertensive subacute stroke patients during these first two attempts, especially for activities involving the patient moving from the ward to the rehabilitation centre.
Introduction
Blood pressure (BP) is frequently elevated in patients following acute stroke 1, 2 and has been associated with an increased risk of recurrent stroke and other vascular events. 1,3 -6 Overaggressive BP therapy during the acute stage of stroke (within 48 h of stroke onset) has been associated with neurological deterioration, haemorrhagic expansion and death from primary intracerebral haemorrhage. 7 For patients with acute ischaemia, aggressive treatment of BP may lead to neurological impairments by reducing perfusion pressure to ischaemic Q-P Tang, G-Q Wang, X-S Huang et al. BP changes with exercise following stroke areas of the brain and increasing infarct size. 8, 9 In spontaneous intracerebral haemorrhage individuals presenting with a systolic BP of 150 -220 mmHg, acute lowering of systolic BP to 140 mmHg is recommended. 10 A target BP of < 120/80 mmHg and an average BP reduction of approximately 10/5 mmHg is recommended for individuals who have had an ischaemic stroke > 24 h earlier. 11 Although BP generally decreases several days after antihypertensive treatment, a slight or moderate elevation of BP persists in a substantial proportion of patients.
Acute stroke patients with hypertension require rehabilitation, but exercise seems to be linked to transient increases in BP. 12, 13 Thus, to maintain acceptable BP and optimize motor ability restoration in stroke patients, appropriate types and amounts of active movement during physical therapy must be selected. Little is known about the association between BP and different active movements during rehabilitation sessions. Thus, it is necessary to examine the effects of different types of active movement on BP in hypertensive stroke patients.
The present study evaluated the variation in BP during different types of active movement in hypertensive subacute stroke patients and the variation in BP over time.
Patients and methods

STUDY POPULATION AND ANTIHYPERTENSIVE DRUGS
The study population included consecutive hypertensive subacute stroke patients (within 2 -30 days of stroke onset), hospitalized at the Brain Hospital of Hunan Province, Hunan University of Chinese Medicine, Changsha, Hunan, China, between August 2008 and May 2011. Agematched healthy volunteers undergoing routine health examination at the same hospital were recruited as the control group.
Hypertensive subacute stroke patients who met the following criteria were eligible for inclusion: diagnosis of first stroke including ischaemic stroke and spontaneous intracerebral haemorrhage confirmed by computed tomography and/or magnetic resonance imaging; study enrolment within 2 -30 days after onset of stroke symptoms; initial physical therapy at the Department of Rehabilitation, Brain Hospital of Hunan Province; age 60 -74 years; two or more resting BP measurements ≥ 140/90 mmHg after stroke on the day of enrolment at the rehabilitation centre; stable vital signs; stable neurological condition determined by a physician; and being alert (able to participate actively in study-related physical therapy). Patients were excluded if they had clinical evidence of unstable cardiac disease, hypertension (BP ≥ 180/110 mmHg) after antihypertensive treatment, severe pulmonary disease, renal or hepatic failure, or any other disorder potentially associated with medical instability, including metastatic cancer, systemic infection, hypoglycaemia, or hyperthyroidism. 14 Antihypertensive drugs including angiotensin receptor blockers or angiotensinconverting enzyme inhibitors, with or without calcium channel blockers (sustained release tablets) and/or diuretics, were administered to study participants when their systolic BP reached 150 -220 mmHg for spontaneous intracerebral haemorrhage 10 and ≥ 140/90 mmHg for ischaemic stroke. 11 The study protocol was approved by the Review Board and Ethics Committee of the Brain Hospital of Hunan Province, Hunan University of Chinese Medicine. All participants signed an informed consent form after receiving detailed information about the study.
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CLINICAL ASSESSMENTS
Before pursuing a physical therapy programme, a physical examination was performed, and medical history and demographic data were collected for each participant. The stroke onset, size and location were obtained using standard automated procedures. Each participant was asked whether they had participated in regular exercise (defıned as at least twice a week for ≥ 15 min at a time) over the 24month prestroke period. Routine blood tests, an electrocardiogram and a chest radiograph were also performed in all participants to screen for comorbid diseases.
EXERCISE TRAINING PROTOCOL
Each participant received daily one-to-one direct physical therapy sessions with a qualified physical therapist over 4 consecutive days. Each session was carried out in the morning to reduce the effect of time of day on BP and lasted approximately 25 min, excluding resting. If a participant missed a treatment session, they were instructed to add an additional session on the subsequent day. Prior to these sessions, exercises were selected according to each participant's individual movement ability; exercises were excluded if stroke individuals could not actively or easily perform them in the way that healthy individuals could. The sequence of exercises was scheduled at each test through the random selection of a piece of paper on which the exercise was written. The eight active movements used in this study were: lifting the shoulder in the supine position (LS); flexing the hip and knee in the supine position (FHK); shifting in bed (BS); two extremity bridging without holding the breath (bridging); sitting; standing; walking; and shifting from the ward to the rehabilitation centre (SWRC) ( Table 1 ). The participants performed active training or, in cases of possible falling when sitting, standing, or walking, assisted active training
TABLE 1: Characteristics of the active movements performed by subacute (within 2 -30 days of stroke onset) stroke patients and healthy volunteers in physical therapy sessions to evaluate the influence of different movements on systolic and diastolic blood pressure
Active movements Characteristics
Lifting the shoulder In the supine position, flex the shoulder close to 90° and extend the elbow as much as possible.
Flexing the hip and knee
In the supine position, flex the hip and raise the knee from the bed as much as possible.
Shifting in bed
Shift the whole body from the side unaffected by stroke to the side affected by stroke.
Bridging
Two extremity bridging without holding the breath. Sitting
Sitting in the physical therapy bed without supported back and arm rests, and with two feet on the floor.
Standing
Two extremity standing without supporting. Walking
Walking without walking aids.
Shifting from ward to
For patients without the ability to walk: shift from the bed to rehabilitation centre the wheelchair; move from the ward to the rehabilitation centre by wheelchair; and then shift from the wheelchair to the bed. For individuals with the ability to walk: get out of bed; walk from the ward to the rehabilitation centre (using the elevator); and lie down on the bed.
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with the therapist supporting. The stroke patients were all in the subacute stage of recovery and, as a result, the repetition of each movement was reduced compared with the 10 -25 repetitions per session as described in a previous study. 15 As well as SWRC, the participants completed the following exercises in each of the four sessions: 10 repetitions each of LS, FHK and bridging; five repetitions of shifting in bed; and 2 min each of sitting, standing and walking.
BP MEASUREMENTS
To determine the effect of the different types of active movements on BP, systolic BP and diastolic BP were measured during each active movement. Brachial ambulatory BP was measured, using a Welch Allyn ® Cardioperfect™ 6100 oscillometric BP monitoring device (Welch Allyn Protocols, Skaneateles Falls, NY, USA) on the participant's unaffected arm, by a qualified technician in the Department of the Electrophysiology (Brain Hospital of Hunan Province, Hunan University of Chinese Medicine). This device has been declared to be equivalent to the validated SunTech Medical ® Oscar 2™ device (SunTech Medical, Morrisville, NC, US). 16, 17 All the devices used in the study were calibrated annually. A cuff size suitable for the participant's arm circumference was selected.
Previous research has indicated that, in serial measurements, approximately 75% of the spontaneous fall in BP occurs within 10 min. 18 To obtain a stable pretest BP, a 16-min rest interval between each movement was chosen. 18 The post-test BP was measured following a cool-down period where the same movements were performed more slowly. To reduce the possibity of recording error and to avoid any BP changes due to sudden body position changes, pretest and post-test BPs were measured with the participants in the same body position in which the activities were performed. For example, the BPs were measured in the supine position for LS, FHK, BS, bridging and SWRC, in the sitting position without supported back and arm rests for sitting, and in the standing position for standing and walking. Measurements were carried out in a relatively quiet, air-conditioned room.
Pretest and post-test BPs were measured twice at each evaluation and, in the case of error in the BP monitoring device, the reading was excluded from the analysis. Providing no error occurred, the pretest and post-test BPs were calculated as the mean of the two measurements for each patient, and the mean ± SD systolic and diastolic BP for all patients for each active movement at each of the four sessions was calculated. The BP variability (BPV) after active movements was calculated as post-test measurements minus pretest measurements.
STATISTICAL ANALYSES
The data were analysed using SPSS ® statistical package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows ® and are expressed as mean ± SD. The BPV results were analysed using repeated-measures analysis of variance (ANOVA) to determine differences among the eight active movements and to determine differences between healthy volunteers and stroke patients at the different sessions. Post hoc least significant difference (LSD) analysis was used to analyse the difference between each subvariable. A P-value < 0.05 was considered to be statistically significant.
Results
In total, 35 hypertensive subacute stroke patients (26 males and nine females; mean ± SD age 67.7 ± 4.2 years) and 15 healthy BP changes with exercise following stroke volunteers (11 males and four females; mean ± SD age 68.0 ± 4.0 years) were included in the study. Demographic and clinical characteristics of the subacute stroke patients are presented in Table 2 . Most of the patients had two or more stroke locations. Most patients (n = 33; 94.3%) had not participated in regular exercise prior to the stroke and five (33.3%) healthy volunteers had participated in regular exercise.
The mean systolic and diastolic BPVs for healthy volunteers and stroke patients are shown in Tables 3 and 4 , respectively. Repeated-measures ANOVA showed a significant difference between healthy volunteers and stroke individuals at the different sessions for both systolic BPV (F = 92.68; P < 0.01; Table 3 ) and diastolic BPV (F = 18.721; P < 0.01; Table 4 ). Repeatedmeasures ANOVA also showed a significant difference in systolic BPV among the different active movements in stroke patients (F = 10.22; P < 0.01; Table 3 ) but not in diastolic BPV (F = 1.773; P > 0.05; Table 4 ).
In stroke patients, mean ± SD systolic and diastolic BPVs were highest for SWRC. The maximum recorded systolic BPV was 48 mmHg during SWRC. The systolic BPV of four patients was > 30 mmHg during SWRC movement in the first session. For diastolic BPV in stroke patients, the mean during active movement ranged from -0.87 to 5.00 mmHg. The maximum recorded diastolic BPV was 21 mmHg (84 mmHg elevated to 105 mmHg during SWRC movement in the first session).
Comparison of systolic BPV between the different types of active movement showed that mean systolic BPVs during LS and bridging were significantly lower than during the other six types of active movement (P < 0.05 for both LS and bridging versus other movements; LSD analyses). In contrast, the mean systolic BPV during SWRC was significantly higher compared with all other movements (P < 0.05; LSD analyses). No significant differences in diastolic BPV were found between different types of active movement (P > 0.05; LSD analyses). Both the mean systolic and mean diastolic BPVs for stroke patients performing the first and second movements were significantly higher compared with the mean systolic and diastolic BPVs for the third and fourth movements (P < 0.01 for systolic BPV; P < 0.05 for diastolic BPV). Mean systolic and diastolic BPVs during the first and second movements were also significantly higher compared with those for healthy volunteers (P < 0.01; LSD analyses). The number of stroke patients carrying out each active movement was based on their ability to perform the movement and so differed for each activity. When patients could perform a movement, it was performed in each of the four sessions. Statistically significant difference for healthy volunteers versus stroke patients for the different sessions (F = 92.68; P < 0.01) and among the different types of active movements in stroke patients (F = 10.22; P < 0.01); repeated measures analysis of variance.
Stroke patients
Statistically significantly lower for both LS and bridging versus other movements (P < 0.05); statistically significantly higher for SWRC versus all other movements (P < 0.05); statistically significantly higher for the first and second sessions versus the third and fourth sessions (P < 0.01) and versus healthy volunteers (P < 0.01); least significant difference analyses.
LS, lifting the shoulder in the supine position; FHK, flexing the hip and knee in the supine position; BS, shifting in bed from the side unaffected by stroke to the side affected by stroke; bridging, two extremity bridging without breath holding; SWRC, shifting from the ward to the rehabilitation centre. The number of stroke patients carrying out each active movement was based on their ability to perform the movement and so differed for each activity. When patients could perform a movement, it was performed in each of the four sessions. Statistically significant difference for healthy volunteers versus stroke patients for the different sessions (F = 18.721; P < 0.01) but not among the different types of active movements in stroke individuals (F = 1.773; P > 0.05); repeated measures analysis of variance.
TABLE 3: Systolic blood pressure variability (post-test measurements minus pretest measurements) in subacute (within 2 -30 days of stroke onset) stroke patients and in healthy volunteers
Statistically significantly higher for the first and second sessions versus the third and fourth sessions (P < 0.05) and versus healthy volunteers (P < 0.01); no statistically significant differences between different types of active movement (P > 0.05); least significant difference analyses.
LS, lifting the shoulder in the supine position; FHK, flexing the hip and knee in the supine position; BS, shifting in bed from the side unaffected by stroke to the side affected by stroke; bridging, two extremity bridging without breath holding; SWRC, shifting from the ward to the rehabilitation centre. 
Discussion
Previously published studies have investigated the effects of exercise training on BP in hemiparetic stroke patients, although they only used specific exercise training methods, such as bicycle ergometry and treadmill tests. 14, 19, 20 Physical therapy sessions for most stroke patients, especially those in the subacute phase of stroke, include the following: preparatory techniques, mat activities, sitting, standing and walking. Further research is required to understand how these affect BP. Studying the effect of different types of active movements on BP in hypertensive stroke patients attending physical therapy sessions can provide useful information for rehabilitation physicians or therapists.
Compared with the other seven active movements carried out in the present study, hypertensive subacute stroke patients showed the highest systolic BPV during SWRC, with the mean systolic BP of four patients rising by > 30 mmHg in the first session. It is possible that some of these patients could be at risk of vascular events while performing SWRC. The mean systolic BPVs observed in patients during FHK, BS, sitting, standing and walking were relatively small, ranging from -0.87 to 11.23 mmHg and, therefore, less likely to increase the risk of subsequent vascular events in patients with baseline systolic BP < 160 mmHg. Such changes in systolic BP must be carefully considered in subacute stroke patients with a baseline systolic BP > 160 mmHg when performing these active movements. With respect to diastolic BPV, the mean during active movement ranged from -0.87 mmHg for BS in the third session to 5.00 mmHg for SWRC in the first session and was less likely to contribute to an increased risk of subsequent vascular events.
Many factors contribute to elevated BP.
The intensity of the movement may contribute because the energy used during high-intensity movements is greater than that used during low-intensity movements. The LS movement is a low-intensity activity that did not particularly increase post-test systolic BP compared with pretest values. In contrast, SWRC -which involves more motor activity than the other movements -showed the greatest systolic BPV. The relatively highintensity movements (FHK, BS, sitting, standing and walking) also elevated systolic BP. This is inconsistent with the study by Amundsen et al., 21 who showed that systolic BP increased significantly following arm exercises at given external workloads. This disparity in the effect of arm exercises on BP may be due to the resistance training 22 and heavy (high-intensity) exercise 23, 24 used in the previous study 21 and not used in the present study. Difficulty of the movements may also contribute to elevation of systolic BP. The effort and strength required to perform more difficult movements of similar intensity is larger than for easier movements and might explain why systolic BPV during more difficult movements was higher than those during easier movements. For example, bridging activity uses the body's long muscles which are relatively stronger than short muscles. 25 Thus, the bridging activity may have been easier for stroke patients to perform and might explain why BP was not significantly increased during bridging.
Environmental factors can also contribute to an elevation in systolic BP. An unfamiliar environment, strangers 26, 27 and relative noise 28, 29 encountered by hypertensive stroke patients in the rehabilitation room during the first attempts at SWRC may have contributed to increased BP.
Finally, psychological factors may contribute to an elevation in systolic BP.
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Patients may have been nervous about receiving treatment from different nurses and neurological clinicians. Additionally, patients were faced with the challenge of participating in new training activities in the rehabilitation centre. These factors may result in patients experiencing psychological disturbances such as anxiety, agitation, stress and/or depression, that are associated with increased BP. 30, 31 Elevated systolic and diastolic BP during the first and/or second sessions may be a result of the anxiety experienced by patients about their first attempt at poststroke movement. Many patients may have had concerns about falling while sitting, standing or walking, particularly if it was their first attempt at performing these poststroke. Patients may also have had concerns about completing the movements correctly or fully according to the therapist's instructions, and those patients unable to complete the movements fully may have been concerned about having disabilities as a result of their stroke. This could potentially lead to some patients experiencing psychological reactions to stress, such as anxiety or fear, resulting in increased BP. 30, 31 These psychological reactions are likely to disappear gradually after several attempts at the active movements as patients became familiar with them, gain more experience in performing each movement, and gain more confidence so that they feel less likely to fall. Furthermore, patients may have found the active movements easier to perform after several training sessions because functional movement ability would have gradually improved for most patients. It is important to note, however, that these psychological explanations for changes in blood pressure were not evaluated in the present study and these suggestions remain largely hypothetical.
Systolic BPVs for patients during the first and second sessions were higher than those during the third and fourth sessions, suggesting that the difficulty for the same movement activity performed at the first and/or second session was higher than for subsequent sessions. Transient elevation of arterial BP that spontaneously decreases a few days after stroke has been observed in most acute and subacute stroke patients. 32, 33 This indicates that the pretreatment BPs measured during the first and second sessions for patients might be expected to be higher than those measured at subsequent sessions, and that the lower BPs might be more stable than the initially elevated BPs and would not markedly increase during active movements for stroke patients.
Based on the present study, several strategies should be implemented in physical therapy sessions for hypertensive subacute stroke patients to reduce the potential risk of recurrent stroke and other vascular events. First, BP should be measured for all stroke patients with a history of hypertension before initiating physical therapy. Physical therapy should be discontinued if BP is > 180/110 mmHg. 34 Secondly, the quantity and extent of the active movements should be carefully considered for the patient's first few attempts at active movement. Thirdly, BP should be carefully monitored before and during the first few active movement attempts for FHK, BS, sitting, standing, walking and SWRC. Fourthly, for agitated patients, BP should be measured before and during active movements, especially during their initial SWRC attempts. Finally, resistance training and heavy resistance training should be limited.
A limitation of the present study was the small sample size. The potential for sample bias as a result of the small sample size should be considered when interpreting these results.
Furthermore In conclusion, systolic BP was found to be increased in hypertensive subacute stroke patients during their first and/or second attempts at FHK, BS, sitting, standing, walking and SWRC, with the greatest increase occurring during SWRC. This suggests that rehabilitation physicians or therapists should monitor the BP of hypertensive subacute stroke patients during the performance of these active movements, particularly during the patient's first attempts at such movements.
